ABSTRACT. The yearly differences between material collected over two years by means of pitfall traps in three peat bogs in Lithuania and one in Finland were analyzed. Single year collections formed 58.8-87.9% of all the species collected over the two year period. No turnover occurred in the abundant species (Ͼ 1% of all specimens in one year sample) if traps were not relocated. The rates of the turnover can vary considerably in various dominance groups and show different trends at different sites. Marked annual differences in abundance were recorded even among some typically abundant peat bog species like Pardosa sphagnicola, Drassyllus pusillus, Scotina palliardi, Agyneta cauta, Arctosa alpigena, Bathyphantes gracilis, Antistea elegans, and Drassodes pubescens. Only a few species typical of other habitats were found to be permanently abundant in peat bogs. Five species recorded during the investigation are new to the spider fauna of Lithuania.
Evaluation of biodiversity in various invertebrate groups and habitats is a problem currently under intensive investigation. New research methods on this subject have been developed, and their effectiveness has been discussed (Duelli et al. 1990; Coddington et al. 1996; Duelli 1997; Riecken 1999 Riecken , 2000 . Despite known weaknesses of pitfall trapping, it is still an important sampling method used in these investigations as well as for spider research in peat bogs (Koponen 1979 (Koponen , 1994 Platen 1989; Schikora 1994 Schikora , 1997 Relys & Dapkus 2002) . Material collected during a single year is often used for inventories and bioindicator research, due to limited time and resources available for investigations. Riecken (2000) found that single year collections by pitfalls formed only 56.8%-84.0% of all species collected during a two year investigation from 20 different habitats (peat bogs not included) in Germany. Such a large number of appearing and disappearing species in a com-munity (turnover), as well as fluctuations in relative abundance of permanently occurring species, cause annual differences in the community structure. This could result in misleading interpretations if the analyses are based on a single year. Few studies have directly addressed year-to-year differences in spider communities (Norris 1999) . Two or more year's data on peat bog spiders have usually been combined in analyses (Schikora 1994; Kuprijanovitz et al. 1998) . The aim of this article is to examine year-to-year differences in peat bog spider communities. We also try to identify and discuss the most stable species groups, suitable for use as indicators in peat bogs.
METHODS

Study sites.-This research was carried out in three peat bogs (L-A, L-B, L-C) in Eastern
Lithuania: Balosa (L-A, 54Њ53'N, 25Њ48'E), Kertusas (L-B, 55Њ08'N, 24Њ54'E), Laukenai (L-C, 55Њ11'N, 25Њ03'E), and in one peat bog in Southern Finland: Kareva (F, 60Њ32'N, 22Њ09'E). The peat bogs in Lithuania were pine bogs (Pinus silvestris-Ledum palustre-Sphagnum) overgrown with pine trees of various age and density. The bog in Finland was an open peat bog (Eriophorum vaginatumSphagnum).
Data collection.-All collecting was done with pitfall traps. The data in Lithuania were collected in 1999 and 2000. Data from Finland were collected in 1964 and 1966 and used to provide information about the differences between the samples separated by one year (1965) . Six plastic jars (volume 300 ml, depth 10 cm, diameter 7 cm) filled with 100-120 ml of 4% formaldehyde solution mixed with drops of detergent were used at each locality in Lithuania. In Lithuania the traps were operated from April-October in 1999 and 2000. The traps were emptied every 3 weeks. In Finland 20 traps with ethylene glycol and detergent were set 1.5-2 m apart and emptied in 2 week intervals, June-August 1964 and 1966. The traps in one peat bog in Lithuania (L-C) were moved in 2000 about 90 m from the site investigated in 1999. There were no marked differences in vegetation between the sites. The abbreviations of samples taken from Lithuania in 1999 are L-A99, L-B99, and L-C99, and samples taken in 2000 are L-A00, L-B00, and L-C00. F64 and F66 refer to the years of studies performed in Finland in 1964 and 1966 .
Data analysis.-Turnover index: The rates of turnover in a community between time periods are of a qualitative nature and can be described as the index of turnover. According to MacArthur & Wilson (1967) , turnover estimates the number of local colonizations and extinctions related to the number of species in the community. Originally this index was developed for islands; it can also be used for isolated terrestrial units often called ''terrestrial islands''. Peat bogs, especially small ones surrounded by other habitat types and bearing unique or stenotopic elements of flora and fauna, often represent typical cases of such ''islands''. The use of the turnover index for spider communities was demonstrated by Norris (1999) . The turnover index (Tn) was calculated by dividing the sum of appearing and disappearing species over two years by the sum of species found in each of the years (Russell et al. 1995; Norris 1999) . The index ranges from 0-1. Percent similarity coefficient: We use this abundance-based coefficient (PSc) to describe changes in species abundance in whole sets of species and in various dominance (abundance) groups in communities between the years. The coefficient reflects similarity of proportional representation of the species in the community and is not affected by the sample size. Higher coefficient values indicate higher similarity and show lower differences and changes in species abundance. The formula for calculating PSc can be obtained from Wolda (1981) . Like some other abundance-based measures, the percent similarity coefficient, being of quantitative nature, is also affected by turnover, especially if it occurs in abundant species.
Nomenclature used is according to Platnick (1997) and the material from Lithuania and Finland is deposited in the Zoological Museum of the Department of Zoology, Vilnius University and in the Zoological Museum, University of Turku, respectively.
RESULTS AND DISCUSSION
General overview of the data.-The material analyzed comprised 8245 adult spider specimens representing 146 species. Of these, 43 species were singletons, and another 32 were represented by three or fewer specimens. The differences in species and individual numbers were obvious in all communities for the compared years (Table 1 ). In L-B and L-C, higher species diversity was registered in the year with fewer individuals. More than 50% of all species found each year were represented by three or fewer individuals. An increase in the total number of species due to newly appearing species was found in all the communities during the second year of the study. The percentage of species found during a single study year (58.8-87.9% of the total two-year collection) was very close to that (average 74.5%) found in 20 different habitats by Riecken (2000) , using the same collecting methods. On average, 75.2% of species were found by us during a single year in the peat bogs. Only a few species were consistently found in low numbers. Even some of smallsized species of Linyphiidae or Theridiidae (Agyneta spp., Bathyphantes spp., Bolyphantes spp., Maro spp., Theonoe minutissima (O.P.-Cambridge 1879), etc.) were found in high numbers in some years. This shows that the data obtained by pitfall trapping could also provide valuable information about the relative abundance of such species. Five species Table 1 .-Data on the spider material collected during two years from four peat bogs in Lithuania and found during the investigation are newly reported for Lithuanian. These are: Robertus lyrifer Holm 1939, Theridium mystaceum L. Koch 1870 (both Theridiidae), Diplocephalus dentatus Tullgren 1955 (Linyphiidae), Acantholycosa lignaria (Clerck 1757) (Lycosidae) and Xysticus lineatus (Westring 1851) (Thomisidae). The list of species and numbers of individuals found in the peat bogs investigated in Lithuania are given in the Table 4 .
Yearly turnover.-The turnover of species shows various trends when the whole data set is analyzed (Table 1) . More species appeared from L-B and L-C, and disappeared in F. A situation close to equilibrium was recorded from L-A. Up to 52.7% of the species found during two years at the same place were only residents for a single year. The high proportion of species occurring in a single year from L-C (66.2%) was probably due to the relocation of the traps, where besides temporal turnover, there was also spatial turnover (Russell 1999) . The case of L-A showed that low rates of turnover can be observed at the same place (Tn ϭ 0.1), while the internal changes between the abundance groups remained well expressed (Table 2) . On the other hand, the case of L-B showed that high rates of the turnover could also exist at the same place (Tn ϭ 0.36).
The highest turnover rates were found in the group of species with three or fewer specimens. In the case of L-B, the high turnover Table 2 .-Turnover index (Tn) and percent similarity coefficient (PSc) in various dominance groups of peat bog spider communities in Lithuania and Finland. Localities as in Table 1 . Asterisk (*) indicates the groups of species where no turnover occurred. Table 3 .-Relative abundance (%) of the most abundant spider species consistently occurring in peat bogs in Lithuania and Finland. Localities as in Table 1 . rate (Tn ϭ 0.79) in this group of species influenced the high turnover rate of the entire data set (Tn ϭ 0.36). The turnover rate for the rest of the community (Ͼ 3 individuals) was similar in all communities where no traps were relocated (Tn ϭ 0.09-0.1). No turnover was found in the group of species representing more as 1% of the individuals, if the traps were not moved. Thus, the changes in this group of species were only due to increasing or decreasing abundance of species permanently occurring in the community. Differences in abundance.-Other differences appearing in the communities between years are due to the changing abundance of species. This is the main cause of the observed differences in the groups of higher dominance in which no turnover occurred. It was clearly seen that the highest changes resulting in the lowest similarity values (PSc) in all selected groups were registered in peat bog L-C, where the traps were moved the following year (Table 2 ). The smallest changes (PSc ϭ 67.5) were recorded in peat bog L-A, where moderate variation in the abundance in the most abundant species was observed. The higher differences in abundance of some dominate species, e.g., Pardosa sphagnicola (Dahl 1908) , Scotina palliardi (L. Koch 1881), were found in peat bog L-B, and contributed to the lower similarity (PSc ϭ 62.3) in this peat bog. The situation in Finnish peat bogs (PSc ϭ 59.5) was similar to that observed from L-B. Higher differences as compared to the Lithuanian material could be caused by the additional year between samples.
Additionally we looked for the most stable group of species occurring at the same dominance level during both years. We found that there was a stable set of species (15-18) reaching more than 1% of dominance in one of the years. Only a few (2-3) species left this group and became less abundant in one of the years. In peat bog L-B there was only one such species. It is important to notice that no turnover was found in this dominance group if the traps remained in the same place.
A number of species remained abundant in all communities during both years of the study (Table 3) , despite the changed sites in peat bog (L-C) or the geographical location of the site (cf. also Koponen et al. 2001 ). These spe- Table 4 .-Species and numbers of spiders in peat bog communities studied in Lithuania in 1999 and 2000. Localities as in Table 1 . showed the lowest differences in abundance between the two years. On the other hand, some large differences in the abundance of some typical peat bog species were found between the studied years. Pardosa sphagnicola showed differences in one locality (L-B) similar to those observed in the case of the changed site (L-C), but the dominance of this species always exceeded 1%. Marked differences in abundance have been recorded for Aulonia albimana (Walckenaer 1805) occurring only in Lithuania, but this species was always dominant in the communities investigated (Table 3) . Trochosa spinipalpis (F.O.P.-Cambridge 1859) from L-A and Scotina palliardi from L-A and L-B showed much larger differences in abundance at the same locality as compared to the differences found when the traps were moved (Table 3) . Such fluctuations in the abundance of even typical peat bog species could lead to erroneous interpretations of the data about respective species living in peat bogs and should be considered if studies are restricted to one year. The data show that most of the species found in both years were mainly hygrophilous or typical peat bog species. Only a few species that are common in other habitats were often abundant (Ͼ 1%) in any of the studied peat bogs during both years: Alopecosa pulverulenta (Clerck 1757) Effect of repositioning.-The data obtained from peat bog L-C, where the traps were moved in the second year, showed considerable differences compared to the other communities. This repositioning resulted in a higher turnover and a lower similarity in all abundance groups in comparison to the other peat bogs (Table 2 ). The turnover (five species, Tn ϭ 0.15) occurred even in the species with high abundance (Ͼ 1%), which was not the case in the other peat bogs. The relocation of traps did not markedly affect the total num-ber of species collected. The number remained lower (68 species) than L-B (74). The lowest number of permanently found species, recorded as three or fewer specimens (4 species), was recorded in this peat bog, while 15 and 14 such species were found at L-A and F respectively. The highest difference in abundant species was found at L-C as well. From species with more than 3 individuals, 28% occurred during a single year of study at L-C, while only 11.1% and 8.3% occurred for a single year at L-A and L-B, respectively. Not all the differences found at L-C could be explained by temporal turnover or by the changes in abundance observed in other peat bogs. As it was already mentioned, the spatial turnover was an additional case here and contributed to the higher differences (Russell 1999) . Thus, an aggregated distribution of spiders and heterogeneity of their communities in peat bogs could be supposed despite similar vegetation.
Data from Finland.-Despite slightly different methods, geographical location and time of research, the Finland data showed similar trends to communities studied in Lithuania. Geographically defined differences between peat bog spider communities have been analyzed (Koponen et al. 2001 ). Most of the abundant (Ͼ 0.5%) species registered in Finland, with exception of those known only for Finland, were also abundant in Lithuanian peat bogs during one or both years (Table 3) . Lower similarity between the samples could be the result of the one year interval between collections in Finland. The turnover (Tn ϭ 0.3) was the same as that observed in Lithuania (Table 2) .
CONCLUSIONS
Peat bogs are stable and slowly changing habitats if natural conditions are preserved (Masing 1984; Succow 2000) . However, in the case of spider faunas, studied by the means of pitfall traps, high variation in species composition and abundance occurred between years in peat bogs. Even some typical peat bog species show considerable differences in their abundance. Hence, the occurrence of large fluctuations should be taken into account in inventories of fauna and in studies using indicator species in peat bogs. It could be suggested that the 15 most abundant species be used to get the main representative set of species if study is restricted to a single year. The species in this set do not undergo turnover and they remain abundant during two consecutive years in peat bogs investigated in Lithuania. This set, consisting mainly of hygrophilous or typical peat bog species, can be easily defined and used as a diagnostic tool for the natural state of peat bog habitats. We assume that the growing number and permanent abundant occurrence of eurytopic species or species especially typical of other habitats may indicate changes in living conditions in a peat bog.
The part of the species in the groups showing the highest turnover may be species entering communities passively by ballooning. These species (sometimes in high numbers) land in inappropriate habitats and live there only temporarily, causing turnover. Marked differences in spider communities were revealed if traps were relocated in the same peat bog. Communitues were also influenced by additional spatial turnover. The results clearly follow statement of Russell (1999) , that ''the greater the separation in time or space, the greater the difference in species composition''. This statement is supported also by data from Finland, showing higher differences between samples separated by a single year in comparison to the samples from two consecutive years in Lithuania.
